Regular physical activity is a major component of total daily energy expenditure and as such, contributes to improved body composition and helps control weight. Currently, the number of people who are overweight or obese is increasing rapidly worldwide and is described as an epidemic; consequently, the prevention of weight gain is a very
INTRODUCTION
a food diary every day. Weekly consultations were held during which the quality and quantity of meals were analyzed and, if necessary, minor adjustments were made.
Body Composition Measurements
Before and after the completion of a 12-week training period, all participants were measured for selected body mass and body composition variables, which were assessed with the bioimpedance method using a Tanita TBF 300M electronic scale (Arlington Heights, Illinois, USA). The measurements taken with the use of the "Tanita" electronic scale are as follows: total body mass (kg), fat free mass (FFM, kg), fat mass (FM, kg), fat mass percentage (FM%, %), BMI (kg/m 2 ), total body water (TBW, kg), and basal metabolic rate (BMR, kJ or kcal) [18] .
Biochemical and Hematological Analyses
Fasting blood samples were obtained in the morning from the elbow vein before the start of the aerobic fitness training program and repeated at the 12th week of this training program (after the 36th training unit). The analyses were performed immediately after the blood collection, as described earlier [19] . Parameters received using the Random Access Automatic Biochemical Analyzer for Clinical 
Training Phase
The training stage was preceded by a week-long familiarization stage, when the examined women exercised 3 times a week for 30 minutes at an intensity of about 50% of their maximum heart rate (HRmax).
After the week-long familiarization stage, the proper training started.
Each training unit consisted of a warm-up routine (10 minutes), the main aerobic routine (43 minutes), and stretching and breathing exercises (7 minutes). The main aerobic routine was a combination of two alternating styles -low and high impact, as described by Leońska-Duniec et al. [20] .
Genetic Analyses
DNA was extracted from the buccal cells using a GenElute Mammalian Genomic DNA Miniprep Kit (Sigma, Germany) according to the manufacturer's protocol. All samples were genotyped in duplicate using an allelic discrimination assay on a C1000 Touch Thermal Cycler (Bio-Rad, Germany) instrument with TaqMan® probes. To discriminate the TNF-α rs1800629 alleles, TaqMan® Pre-Designed SNP Genotyping Assays were used (Applied Biosystems, USA) (assay ID: C___7514879_10), including primers and fluorescently labelled (FAM and VIC) MGBTM probes to detect alleles. amount of weight loss [9, 16] . The physiological effects of these changes are determined by the volume, intensity and frequency of physical activity. However, it is well known that individuals vary in their responses to similar training: from a lack of adaptive response to extreme overload. Recent studies have shown that people with the same genotypes respond similarly to exercise in comparison to those with different genotypes, indicating that some genes such as the TNF-α play a significant role in determination of individual differences in response to physical activities [3] .
Taken together, the aforementioned findings suggest that the TNF-α gene is engaged in developing obesity-related traits and specific training-induced physiological reactions. We examined whether the TNF-α -308G/A polymorphism would influence the effects of a training program. Accordingly, we studied the allele and genotype distribution in female participants measured for selected body mass and composition, as well as biochemical parameters before and after the realization of a 12-week aerobic training program to see if there is an interaction between genotype and training.
MATERIALS AND METHODS

Ethics Statement
The procedures followed in the study were conducted ethically according to the principles of the World Medical Association Declaration of Helsinki and ethical standards in sport and exercise science research. The study was approved by the Ethics Committee of the Participants 168 Polish Caucasian women aged 21 ± 1 years (range [19] [20] [21] [22] [23] [24] were included in the study. None of these individuals had engaged in regular physical activity in the previous 6 months. They had no history of any metabolic or cardiovascular diseases. Participants were nonsmokers and refrained from taking any medications or supplements known to affect metabolism. Participants were included in a dietary program and on the basis of an individual dietary plan, were asked to keep a balanced diet. The nutritional appointment included a prescription of an adequate diet for individual energy needs and nutritional status, with a food replacement list, in addition to orientation on a healthy diet. The share of macronutrients in the energy pool of the average food rations was as follows: 45-65% of total calories coming from carbohydrates, 10-20% from protein, and 20-35% from fat (increase the intake of unsaturated fats and decrease the intake of saturated fats). Daily cholesterol intake < 300 mg and dietary fiber intake > 25g were recommended. The participants kept Biology of Sport, Vol. 36 No3, 2019 293
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Statistical Analyses
A chi-square test was used to test the Hardy-Weinberg equilibrium.
To test the influence of the -308G/A polymorphism of the TNF-α gene on training response, the 3 x 2 and 2 × 2 mixed-design ANOVA tests were used. Additionally, the Kolmogorov-Smirnov test was used to check for data normality. The level of statistical significance was set at p<0.05.
RESULTS
TNF-α genotype frequencies were consistent with the Hardy-Weinberg theorem (Chi 2 = 0.11, p= 0.740). Results of the two-way ANOVA with repeated measures are presented in Table 1 . We found a significant genotype x training interaction for tissue impedance (F (2, 165) =4.80, p=0.009) and HDL-C (F (2, 165) =6.05, p=0.003).
For tissue impedance, post-hoc analysis showed that the post-train-ing values were significantly lower compared with pre-training for the AA and GG genotypes (604±53 vs 551±30, p<0.001 for the AA genotype; 549±57 vs 536±56, p=0.002 for the GG genotype).
Planned comparison revealed that the change during training was greater in the AA group than in the GG group (F (1, 165) =7.37, p=0.007). Post-hoc tests demonstrated that the HDL-C only decreased significantly during training (65±13 vs 60±13, p<0.001) in the carriers of the GG genotype.
Owing to the low number of AA homozygotes (n=6), we repeated the analysis with AA homozygotes paired with AG heterozygotes ( Table 2) . We found only one genotype x training interaction (F (1, 166) =8.9, p=0.003) for the HDL-C. Post-hoc test revealed that the HDL-C decreased significantly only in the GG genotype (65±13 vs 60±12, p<0.001). Additionally, this statistical analysis showed the effect of genotype for LDL-C, p = 0.046 ( Table 2 ). Mean±SD; *geometric mean (antiloged mean of the log data), in brackets -antilog of the log mean+log SD and log mean-log SD; BMI -body mass index; BMR -basal metabolic rate; %FM -fat mass percentage; FM -fat mass; FFM -fat free mass; TBW -total body water; TC -total cholesterol; TGL -triglycerides; HDL-C -high density lipoprotein cholesterol, LDL-C -low density lipoprotein cholesterol the 12-week training program. We also observed a significant decrease in HDL-C concentration, which could be explained by an increase in energy consumption and achieving an "energy expenditure threshold" during physical effort by participants [21] . Additionally, our statistical analyses revealed that harboring a specific TNF-α genotype may whether the TNF-α polymorphism is involved in the modulation of lipid profile, and if so, to what extent.
Parameters such as body mass, BMI, BMR, tissue impedance, %FM, FM, FFM, TBW, TC, and glucose changred significantly during Mean±SD; *geometric mean (antiloged mean of the log data), in brackets -antilog of the log mean+log SD and log mean-log SD; BMI -body mass index; BMR -basal metabolic rate; %FM -fat mass percentage; FM -fat mass; FFM -fat free mass; TBW -total body water; TC -total cholesterol; TGL -triglycerides; HDL-C -high density lipoprotein cholesterol, LDL-C -low density lipoprotein cholesterol Biology of Sport, Vol. 36 No3, 2019 295 TNF-α modify post-training parameter changes levels, indicating that harboring this specific genotype is unfavorable for achieving the desired training-induced HDL-C level changes. Additionally, we identified a statistically significant association between LDL-C level and genotype. Participants with the GG genotype had higher LDL-C level during the entire study period compared with the AA and AG genotypes, suggesting that the G allele is a risk allele.
Up to now, a lot of experimental studies have assessed the role of TNF-α in human lipid metabolism [7, 12, 14, 15] . In adipose tissue, the regulation of transcription and modulate their secretion [10, 11] .
The minor A allele was associated with increased TNF-α expression and as a result, it is described as a risk allele linked with insulin resistance, higher BMI, leptin, TGL, and LDL-C levels, as well as lower HDL-C levels [6, 10, 12, 14] . On the other hand, our study indicated that carriers of the GG genotype had significantly higher Little is known about the TNF-α gene x physical activity interactions. Nicklas et al. [22] showed that walking distance and stair-climb time were better in individuals homozygotous for the major G allele of the TNF-α polymorphism compared to those with at least one minor A allele. The less common allele of the TNF-α is a stronger activator of TNF-α transcription and is associated with higher protein production, higher circulating concentrations, and greater expression in skeletal muscle. All of these effects may provide a microenvironment in which the A allele could affect skeletal muscle and/or cartilage function resulting in slower walking speed [11, 22, 23] . However, in response to regular physical activity, there was a significant interaction between the TNF-α genotype and exercise treatment with respect to 6-month changes in stair-climb time and 18-month changes in self-reported physical disability, such that individuals with the A allele showed greater improvement in response to exercise [22] .
In our study, we observed that harboring the specific TNF-α genotype may be associated with different post-training changes of measured biochemical parameters. Carriers of the GG genotype exhibited a significant decrease in post-training HDL-C levels, indicating that harboring this genotype is unfavorable for achieving the desired traininginduced HDL-C level changes.
The inconsistency of these results might be explained by the fact that as cytokines act in a complex network, single gene activity does not provide full insight into the role of different genetic markers in the human metabolism, as their combined action could result in different biological effects [14, 24] . The genes regulating the inflammatory process can contribute to the individual variability of plasma cytokine levels, physical performance, as well as to the response of these variabilities to physical activity [24] . It has also been suggested that eating habits might influence these genes' effects on obesity-related traits. Few studies have described the impact of different hypocaloric diets on weight loss and metabolic parameters,
analyzing the rs1800629 polymorphism of TNF-α in obese participants [25, 26] . Therefore, analyzing and understanding the influence of genetic markers on the effects of training protocols, as proposed by our study, may support the development of new perspectives not only on individualization of exercise programs to make them more efficient and safer, but also on improved recovery, traumatology, medical care, diet, supplementation and many other areas [3] .
CONCLUSIONS
The results of our experiment suggest that TNF-α genotypes can modulate training-induced biochemical parameters such as lipid profile changes. We have demonstrated that carriers of the GG genotype are associated with decreases in post-training HDL-C levels.
Additionally, we showed that participants with the GG genotype had higher LDL-C levels during the entire study period. From this evidence, it could be concluded that harboring this specific genotype of the rs1800629 polymorphism may be considered to be a disadvantageous factor in the context of training-induced effects on lipid profile changes in Polish Caucasian women. However, more experimental studies are needed to establish this complicated association between the TNF-α gene, obesity-related traits, and physical activity across different study populations.
